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) A scanner. 

) A laser scanning device (50) includes a spin- 
ner (58), one light spot misalignment detector 
(68) and a beam misalignment corrector (70). 
The spinner (58) scans a light beam (54) across 
a scanning line. The detector (68) is located 
generally at a beginning of the scanned line and 
measures an initial misalignment of the light 
spot in a cross-scanning direction. The correc- 
tor (70) dynamically corrects, during scanning 
along said scanning line, the scanning misali- 
gnment of the light beam (54) in accordance 
with at least the initial misalignment The cor- 
rector includes a pre-positioner (84) which de- 
termines an offset for the initial misalignment, a 
pyramidal error estimator (86) which estimates 
a first portion of the misalignment due to 
pyramidal error and a wobble estimator (86) 
which estimate a second portion of the misali- 
gnment caused by wobble. The estimations are 
summed together and used for correcting the 
misalignment. 
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FIELD OF THE INVENTION 

The present invention relates to laser scanning 
devices generally and to apparatus for location con- 
trol of the laser beam in particular. 



BACKGROUND OF THE INVENTION 

Laser scanning devices, such as laser plotters 
are known in the art. As shown in Fig. 1 . to wh.ch ref- 
r r:nceTsnowrnade..as e r S cannin 9 device S t y p,^ 
comprise a laser source 10 which produces a lase 
beam 12 and a spinner 14 which recetves the laser 
Team 12 after it has passed through a pre-spmner 
optical system 16 operative to shape and/or modify 
the rs b ;rell4comprisesamotor(not shown) 
and a polygon typically having a plurality of facets 18, 
on y one of which generally is operative at a g.ven 
Le to reflect the laser beam 12 towards a medium 
22 to be scanned. Each facet 18 is operative to scan 
"east one line of the medium 22 and lth< j angle 
through which each facet 18 scans is ind.cated ,n F.g. 
1 by the dotted lines, marked 24. 

In some devices, a post-spinner optical system 
20 is also included which typically comprises a flat- 
field lens operative to provide a planar image on_ the 
medium 22 (the focal point of the lens) and to direct 
The laser beam 12 towards the medium 22, typica y 
via a mirror if the medium 22 is not, as shown in Fy. 
1, parallel with a rotation axis 26 of the spinner 14 
(perpendicular to the page of Fig. 1). 

In order for a laser scanning device to operate at 
high accuracy and resolution it must accurately con- 
r , the location of the laser beam, along the scan d, 
rectkm and along the direction perpendicular ■* jft. 
scan direction, the direction known as the cross 

TJ£E£- in Chapter 6 of the book Optical 
Scanning by Gerald F. Mashall, Marcel Dekker, Inc. 
NY199T which is incorporated herein by reference, 
beam location errors are known to be caused I by er- 
rors in the angle of one or more of the facets 18, 
"nown as "pyramidal error", by wobble of the rotation 
axis 26 or by a combination of both sources of error 
P^ari errors are illustrated in Figs. 2A and 
2B to which reference is now briefly made. Figs. 2A 
and 2B are side views of the polygon 14. 

Ideally, the reflecting surface of ea ch face 18 
should be parallel to the rotation axis 26 
incoming beam 12 is reflected along a plane 30 per- 
pendicular to the rotation axis 26. 

However, typically, polygons 14 are manufac 
tured with facets, labeled 32 and 34 in Figs 2A and 
2B respectively, at angles a, and a 2 . respectively, to 
the ideal direction. An incoming beam which impinges 
an angled facet 32 or 34 is reflected along a reflection 
plane which is at an angle to plane 30 twice as large 



astheerrorin the facet direction. Thus. nF*2M" 

reflection plane 36 is at an angle 2a, to the plane 30 

and in Fig 2A. the reflection plane 38 is at an angle 

2a 2 to the plane 30. . 
5 Shewobbleisarotationoftherotation^sjed 

the spinner 14 and is caused by inaccurate balancing 
of the polygon. The wobble causes a changing angu- 

the reflection plane in a manner similar to that descn- 
10 bed hereinabove for Figs. 2A and 2B. 

The scanning error is typically a combination of 
the two types of error and there are a plurality of 
methods by which prior art scanning devices reduce 
the scanning error. 

Some prior art scanning devices '"dude a cylin- 
drical lens in the pre-spinner optical system 16. The 
cylindrical lens concentrates the laser beam into a 
iine parallel to the scanning direction and focuses the 
concentrated beam onto the currently ac Uve facet 1 a 
20 However, in order to focus the reflected beam 
onto the medium 22. the cylindrical lens requ.res that 
the post-spinner optical system 20 be compnsed of 
complicated optical elements, producing an expen- 
sive scanning device. 

In other prior art devices, the spinner 14 ,s com- 
prised of an element having two flat, opposing reflec- 
Swe surfaces, such as a penta-prism. from which the 
beam reflects. Due to the opposition of the surfaces 
any errors in the laser beam caused by one surface 
30 arecanceledbythereflectionoffthesecondsurface^ 
Thissolutionistypicallyutilizedtoreducewobble 
in single faceted devices and is not easily extendible 
to a multi-faceted polygonal spinner. 

Alternatively, in order to reduce the wobble, Am 
35 known to utilize expensive oil or air bearings , tor -to 
spinner 14. If there is any pyramidal error, .t is meas- 
ured and a LookUp Table (LUT) is utilized to cancel .t 



' Finally, it is known to include a beam position de- 
40 tector in the post-spinner optical system 20 and to in- 
clude a reference beam, in addition to the scanning 
beam or beams, which follows a large percentage of 
the optical path of the scanning beams. The beam 
position detector detects thelocation of the reference 
45 beam, in order to continually measure the error in the 
location of the scanning beams. The measured data 
is provided either to acousto-optic deflectors for de- 
flecting the reference and scanning beams to the cor- 
rect location. 0, as described in Israel Patent A p* 
50 cation 94308 to the common owners of the present 
application, to piezc-electric crystals for shifting the 
location of fiber optic bundles which carry the 
nho«dirt^b«loth.ci^toB*^ 
closed-loop control system thus produced mamta ns 
55 the scanning and reference beams in the des.red to- 

^However, the beam position detector is expen- 
sive, it requires that an additional beam, the reference 
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beam be produced and it includes complicated optics 
^ ensure that the two beams foilow almost .dent.c, 
optical paths. 

SUMMARY OF THE INVENTION 

It is. therefore, an object of the present invention 
to provide a relatively inexpensive apparatus and 
method for controlling the beam location. 
" There is therefore provided, in accordance w h a 
preferred embodiment of the present invention, alas. 
e Teaming device which indudes a) a spinner for 
scanTng a light beam having a light spot across 
scTningline b) one light spot misalignment dete tor 
Sated generally at a beginning of the scanned line 

Across-scanning direction and c) a beam w a., n- 
men t corrector which, during scanning along the 
inning line, dynamically corrects scanning n» 

Additionally, in accordance with a preferred em 
bodimentoftheVesent invention, the beammisalign- 
meTcorrector includes a) a pre-positionerwh.ch de 
torminesa pre-position signal which offsets the nM 
Snment,bTestimation apparatus for producing 
"om the pre-position signal, an estimated scanmng 
Si onment due to wobble and pyramidal error and 
^a eam shifter responsive to the estimated scan- 
ning misalignment for shifting the light beam thereby 
to correct the scanning misalignment. 

Moreover, in accordance with a preferred em- 

S a summerfor summing outputs of the pyramidal er- 
Sr Sr. the wobble estimator and the pre-posi- 



ti0n Further. in accordance with a preferred M 
ment of the present invention, the spinner compnses 
7*Z i y of facets and the beam misalignment cor- 
ecto^dditionaHy includes apparatus for correct-ng 
in accordance with the current ope^acet 
Still further, in accordance w.th a P referred er " 

m ent corrector additionally indud ^ n ^ r 
moving the light beam from a final ocaUon of a xur 
rentscan line scanned with a current facet of the spin 
ner to a f irst estimated location of a next scan I ne 
wherein the first estimated location is thevaueofthe 
pre-positionsignalmeasuredwhenthenextfacetwas 

,3St AdSnally, in accordance with a preferred ,em- 
bod.^tarttap^lnv.rnion.th.p^P^ 
includes a closed loop control system controll.ng the 



beamshifterand operative to generally cancel the inn 

"tSTS accordance with a preferred en> 
bodSof t epresentinvention. the pyramidal error 

5 e mT^ 

storing a misalignment function and a multiplier re- 
cS thepre-position signal for multiplying .he mis- 
alignment function by the pre-position *<*™ 1 
9 Further, in accordance with a preferred «nbod> 
,n ment of the present invention, the wobble eshmator 

ning frequency of the spinner, b) a phase locked loop 
Sp^ucesaclocksignaiwhich is proportional to 
The spinning frequency and c) filters whose cutoff fre- 
15 quenSs are adapt.ely def ined by the doc signa 
for f iltering a plurality of pre-position s.gnals thereby 
S produce the second portion of the scanning m,s- 

^Thet, also provided, in accordance with an- 
,o other preferred embodiment of the present invention 
2 method for f iltering an output signal of 

a system in accordance with an operating frequency 
of the system, wherein the operating frequency 
changes over time. The apparatus includes a) a f te 
25 haSatleastoneadaptivelydefinablepammeteror 
Utenng the output signal, b) a detector for producing 
a measurement signal indicative of the operating fre- 
nuencv and c) a phase locked loop for producing a 
oSa, proportion, to the 
30 and for providing the dock signal to the f Ite hereby 
30 to define the at least one adaptrvely definable para- 
meter. The method includes the steps performed by 
the S2-y,n accordance with a prefe-d en> 
„ bodiment of the present invention, « * » 
switched capacitor filter. Furthermore, the dock sig 
nal is preferably a multiple of said measurement s^- 
nal The adaptive* definable parameter ,s preferably 

a method of laser scanning which includes the steps 

a scanning line, b) measuring an initial m«al.gnmen 
i5 of the light spot in a cross-scanning d.rect.on and c) 
" du ng scanning, dynamical* correcting scanning 
misa?gnment in accordance with the initial rn.sal.gn- 

"^Additionally, in accordance with the second pre- 
50 ferred embodiment of the present invention, the step 
ofdynamicallycorrectingincludesthestepso a) de- 
termining a pre-position sign, which off sets the n 
tial misalignment, b) producing, from the pre-posmo" 
siqnal an estimated scanning realignment due to 
* wobble and pyramidal error and c) shifting the light 
beam in response to the estimated scanning mis- 
alignment thereby to correct the scanning misalign- 
ment. 



Moreover, in accordance with the second prefer- 
red embodiment of the present invention, the step o 
producing includes the steps of a) estimating a f irst 
portion of the scanning misalignment due to pyrarro- 
dal errorandto an extent of wobble presentatthe be- 5 
ginning of the scanning line, b) estimating a second 
portion of the scanning misalignment caused by the 
wobble and c) summing the first and second portions 
with the pre- position signal. „„ forrpri , 0 

Finally, in accordance with the second prefe^ed 10 
embodiment of the present invention, the step of re- 
flecting is performed wfth a spinner and the second 
te o?eslating indudes the steps of a) detecting 
aspinningfrequencyofthespinner.bjprc^uc.ng.v.a 
a phase locked loop, a clock signal wh,ch .s propor- >s 
tiona. to the spinning frequency an d c)fUter,nga P .ur- 
ality of pre-position signals with filters whose cutoff 
frequencies are adaptive* defined by the clock s,g- 
nal. 20 
BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and ap- 
preciated more fully from the following deta.lec I de- 
scription taken in conjunction with the drawings m » 

Wh,C Hg 1 is a part schematic, part block diagram il- 
lustration of prior art laser scanning dev.ces: 
Fias 2A 2B and 2C are schematic illustrates of 
sources of errors in scan lines in prior art laser so 
scanning devices, where Figs. 2A and 2B illus- 
trateseLs in facet angle and Fig. 2C iHustrates 

Fiq b 3Aisapartschematic. part blockdiagram top 
view illustration of a laser scanning device con- 35 
structed and operative in accordance with a pre- 
ferred embodiment of the present invention; 
Fig 3B is a schematic view, in the direction of ar- 
row B of Fig. 3A, of the scanning surface of the 
laser scanning device of Fig. 3A; 
Fig 4 is a block diagram illustration of elements 
of a beam location corrector, constructed and op- 
erative in accordance with a preferred embodi- 
ment of the present invention and useful in the 
system of Fig. 3A; 

Fig 5 is a flow chart illustration of the operations 
of the beam location corrector of Fig. 4 within the 
laser scanning device of Fig. 3A, the method be- 
ing operative in accordance with a preferred em- 
bodiment of the present invention; 
Fig 6A is a graphical illustration of non-corrected 
locations of the laser beam across a scan line for 
the facets of the polygon; 
Fig. 6B is a graphical illustration of a pre-position 
signal for the facets of the polygon; 
Fig 6C is a graphical illustration of the location 
of the laser beam across a scan line, after correc- 
tion with the pre- position signal of Fig. 6B; 



Fig. 6D is a graphical illustration of a misalign- 
ment function due to pyramidal error; 
Fig 6E is a graphical illustration of an estimation 
of the signal of Fig. 6C using the function of Fig. 
6D multiplied by the preposition signal of Fig. t>B. 
Fig. 6F is a graphical illustration of an estimate of 
the wobble of the polygon; 
Fig 6G is a graphical illustration of an estimate 
of the signal of Fig. 6A; Fig. 7A is a block diagram 
illustration of a wobble estimator forming part of 
the beam location corrector of Fig. 4; 
Figs 7B and 7C are graphical illustrations of the 
frequency responses of elements of the element 
of Fig. 7 A; 

Fig 7D is a circuit diagram illustration of a sec- 
tioned forming part of the wobble estimator of Fig. 

Fig'. 7E is a graphical illustration of output signals 
from elements of the circuit of Fig. 7D; 
Fig 8 is a block diagram illustration of a pyrami- 
dal error estimator forming part of the beam loca- 
tion corrector of Fig. 4; 

Fig 9 is a block diagram illustration of a smoother 
forming part of the beam location corrector of Fig. 

Fig 10 is a block diagram illustration of elements 
of an alternative embodiment of the beam loca- 
tion corrector. 

DETAILED DESCRIPTION OF PRESENT 
INVENTION 

Reference is now made to Figs. 3Aand 3B which 
illustrate the present invention. Fig. 3A illustrates an 
exemplary laser scanning device 50 constructed and 
operative in accordance with a preferred embodiment 
of the present invention and Fig. 3B illustrates the 
scanning surface of the system of Fig. 3A 

The laser scanning device 50 typically can be ap- 
plied to any suitable laser scanning device. It will de- 
scribed in the context of the scanning device shown 
in Fig. 3A. 

For example, the scanning device may compnse 
a laser source 52 which produces a laser beam 54, a 
pre -spinner optical system 56 represented by a ens 
and operative to shape and modify the beam 54 as 
necessary, a spinner 58. a flat-field lens 60 and a 
scanning surface 62 onto which the beam 54 is scan- 
ned by each facet 64 of the spinner 58. 
, Just outside an active scanning area 66, noted in 
Fig 3A by a thick line and in Fig. 3B by dotted lines, 
is a light spot location detector 68 for detecting, for 
each scanning line, the initial misalignment of the spot 
of beam 54 in the cross- scanning direction. 
5 Associated with the spot detector 68 is a beam 

misalignment corrector 70 operative to determine, 
from the output of detector 68 at the beginning of the 
scan line, misalignment correction signals for the en- 
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tire scan line and to provide the misalignment oom»- 
aser 52and the scanning surface 62. The beamsh-ft- 

er 72 can be any suitable beam shifter, such as an 
acousto-optic deflector operating onalaser beam or 
a"e Z oe, e ctnca«uatoro P eratin g onafiberopt,cw^ 
veguide. As is known in the art, the acous o-oo > Re- 
flector has a much faster response time than that of 
the piezoelectric actuator. 

Spot detector 68 is attached to a chassis (not 
shown) upon which the beam shifter 72, optical sys- 
tem 56 spinner 58 and flat field .ens 60 are locate^ 
As is known in the art, the chassis can move along 
suriace 62 in the cross-scan direction of the chassis 
can remain f ixed and the surface 62 can move. 

in accordance with the present invent™, the 
spot detector 68 is a standard bi-cell detector, such as 
he SPOT-2D detector from UDT Sensors. Inc. of 
Hawthorne. California, USA. The spot detector 68 

Tot centered with respect to a line 76 to be wr, ten 

To do so, the spot detector 68 measures the £ 
tensity of the light shining on each half, (abated A and 
B. If t!oth halves have the same intensity, the beam 
is centered. Otherwise, the beam ,s off-cent *et m 
either the Adirection (i.e. A has a greater mtensity) or 
the B direction. . oe 

In accordance with the present invent™ and as 
described in detail hereinbelow. <™\™!?Ze 
ment measured by the spot detector 68. which , the 
misalignment at the beginning of the scan line 76 he 
beam misalignment corrector 70 
ple ments the necessary corrections of the beam 54 
over the line 76 to be scanned. The » 
ed for each line to be scanned, each of wh.ch corre- 
sDonds to a different facet 64. 

Reference is now made to Fig. 4 which illustrates 
the elements of the beam misalignment corrector 70 
o Fig. 5 which illustrates the method <™ ed J* 
lector70as P artofafeedback.oopde.ne^by^ 

rector 70. beam shifter 72 and spot detector 68 .and 
to Figs. 6A- 6G which are useful in understanding the 

^pteAisageneralized graph of the location of 
the beam 54 for eight facets 64. comprised of eight 
misalignment curves 80. The horizontal axis denoted 

Y (scanning direction), is the line along , which £ 
beam 54 ideally should scan, assuming that no wob- 
n^ ra midai e rr 0 re Xte ts..t iS notedtha»eightscan 

lines are shown in most of Figs. 6. 

The offsets Di. where i refers to a facet of the 
spinner, are the misalignments measured by the spot 
detector 68 at the start of each scan line and include 
in them offset errors due to pyramidal error and wob- 
ble. 



The beam location corrector 70 operates to cor- 
rect the beam location such that curves 80 become 
straight lines along the Y axis. To do so. for each kth 



scan line and each ith facet, the corrector 70 f irst de- 
Sls a pre-position value Gi.k whict .bnngsDj 
close to 0 and then estimates, from G..k. the shape 
oUhe correction curve which corrects for the relevan 
5 curve 80. where the shape of the correction curve ,s 
a function of the wobble and the pyramidal error 

Thebeam location corrector 70 therefore typ^a.- 
ly comprises a pre-position determiner 84 (Fig. A) .a 
wobble estimator 86. a pyramidal error estimator ^88 
10 and a pre-position converter 90. Converter 90 can 
a so optionally comprise a smoother 91 to prov.de a 
smooth motion from the end of one correc ,on cum, 
to the beginning of the next. Smoother 91 is part.cu- 
larly usef ul if the beam shifter is a relatively slow de- 

15 "'"'The block diagram of Fig. 4 does not capture the 
entire operation of the corrector 70; however, the 
method described in Fig. 5 does. 

The pre-position determiner 84 performs steps 
20 92 - 94 (Fig. 5) at the beginning of each scan line to 
determine the pre- position value Gi.k. 

,n step 92. the output of detector 68. for a g.ven 
,ine, is converted to an offset signal e. defined as a 
normalized error, or. 

e = (A - B)/(A + B) (1) 
where A and B are the intensity levels respectively 

measured by halves A and B. 

in step 94. the pre-position determ.ner 84 con- 
trols the beam shifter 72 so as to generally zero out 
30 the error signal e. Thus, although not shown step 94 
s a control system loop in which the error ^signal e s 
continually measured and beam sh.fter 72 is contin- 
ually actuated to reduce the error signal. 

When the error signal has a value within a prede- 
, termined threshold value near zero, the preposition 
determiner 84 stops operation and Jht value of the 
correction signal is typically digitized (step 100) and 
stored as the preposition value Gi.k. The preposrt.on 
values for the signal of Fig. 6A are given in Fig. 6B. 

It is noted that the operation of the pre-posit.on 
determiner 84 should occur before the laser beam 
reaches the beginning of the scan ne. If the pre-pos- 
ition determiner 84 cannot operate qu.ckly enough 
the operation can be performed over a number of 
45 scan lines which are scanned by the same facet. 

The value of Gi.k is provided, at the beginning o 
the kth scan line, to each of elements 86 - 90 (F,g. 4) 
for processing and their combined output ,s the estn 
mation signal for the kth scan line error as scanned 

50 ^ f Tst'ep 102. pre-posrtion converter 90 continu- 
ously provides the value of Gi.k. If only the proposi- 
tion converter 90 operated (i.e. if on^^^ 
value Gi,k was used for correction), the laser beam 
55 would scan as shown in Ffc.6C. As can be seen the 
laser beam would begin scanning at the correct loca- 
tion but would become skewed over the course of the 
scan line. After pre-position correction, the curves 



are still misaligned along the scan line and they con- 
tain within them some wobble. 

U is noted that the extent of misalignment ^ignor- 
ing the wobble) in the curves, labeled 61. jf F*«C 
generally corresponds to the extent of the ^Re- 
sponding pre-position value Gi.k. Thus, curve 81. 
has a much larger average slope than curve 81h cor- 
responding due to the fact that G5.k is much larger 
SS lhecurves can be estimated by determm- 
ing both the pyramidal error and the ; wobble , 

A misalignment function describing the ef feet o 
a known pyramidal error on the loca ion of a la er 
bc^thioughoula^linecanbec-cul^M^ 
laser scanning device in which the present mvenhon 
is placed through application of the physics of the opt- 
ica, elements. Software packages, such as Oslo by 
Sinclair Optics of Rochester. New York. USA can be 
utilized to determine.fromtheknownpyram^aiero, 
the relationship between the scanning location, the 
cross-scanning error measured by the P re-pos,t,on 
signal Gi.k and the location of the light beam on the 
sLning surface, for each datapoint on a scan line. 

An exemplary misalignment f unction is provided 
in Fig 6D wherein the scale of the figure is s.gn.fi- 
cantly different than that of the remaining graphs of 
Fig 6 In step 104. the pyramidal error est.mator 88 
estimates the misalignment primarily due to pyrarn,- 
da . error by multiplying each of the datapoints o the 
misalignment function of Fig. 6D by % . The output 
of step 104 is the estimation curves 103 of F.g. BE. 

The wobble estimator 86 is operative to eshmate 
the frequency and amplitude of the wobble ronr , a 
series of input pre- position signals G. k and o ^con- 
struct therefrom an estimated wobble signaUt ■ not- 
ed that the estimated wobble signal must have the 
same phase as the spinner 14. 

Fig 6F illustrates one revolution of the estimated 
wobble signal 105 produced in step 106 (Fig. 5). The 
revolution of the wobble signal 105 occurs during one 
revolution of the spinner 14 and thus only a portion 
107 of signal 105 is operative for each facet , 

In step 108, the appropriate portion 107, based 
on the current value of i. is selected when the pre-pos- 
ition value Gi.k is determined. Portion 107 is typ.ca y 
comprised of a plurality of datapoints corresponding 
t0 the number of datapoints in a scan line. 

In step 110. the value of the first datapoint of the 
selected portion 107 is determined 
from each of the datapoints in portion 107 Jhus, step 
iTo shifts the portion 107 towards the Y scanning 
axis, providing shifted signals 109. 

For each datapoint on the kth scan line corre- 
sponding to the ith facet, step 112 adds the corre- 
sponding value of shifted portion 107, of estimation 
curve 103 and of the current value of Gi.k to produce 
an estimation curve 111 (Fig. 6G) of the signal of Fig 
6A Step 112 also multiplies the estimation curve by 
an appropriate factor to produce a correction signal 



for the beam shifter 72 for that datapo.nt. A summe. 
114 (Fig. 4) and an amplifier 116 performs step 112 
Because consecutive pre-position values Gi.k 
are sianif icantly different, the movement of the beam 
5 S 72?ue to the change from the ith facet 64 to 
lhe li+ 1)th facet 64 might not be smooth. Thus pre- 
position converter 90 optionally includes smoother 91 
to smooth the motion from one pre-posiUon value to 
the next Smoother 91 is not necessary if the reaction 
„ time of the beam shifter is fast enough. The output of 
smoother 91 is shown in Fig. 6H as sections 113. 

Smoother 91 receives, in step 120, the current 
pre- position value Gi.k and the pre-pos.t.on value 
Gi + 1 k-8 for the next facet as calculated the previous 
15 time 'the (i + 1)th facet was utilized, for spinners with 
eight facets. The smoother 91 operates only at the 
end of the scan line 76. 

After step 120. the method returns to step 92 and 
begins operation for the next facet and the next scan 

20 ,ine Reference is now made to Figs. 7A- 7C which il- 
lustrate an exemplary embodiment of the wobble es- 
timator 86 and the frequency responses of its constit- 
uent elements. 
25 The wobble estimator 86 typically compnses a 
low pass filter 130 for filtering the pre-position data 
Gi.k. The frequency response of low pass filter 30 
is shown in Fig. 7B. Filter 130 passes only those fre- 
quenciesless than orequal to the spinner rotation fre- 
30 quency Fs; however, it adds a phase delay to the out- 

PUt Thus'.' estimator 86 additionally comprises an all 
pass filter 132. whose frequency response is shown 
in Fig. 7C. for canceling the phase delay introduced 

35 byf T^ 1 s 3 pinnerfrequencyFs.whichistypica..ythe 
cutofffrequencyoffi.ters130and132^ont,nuous. 
|ymeasuredbyafacetindexdetector133andprov.d- 
ed to a phase locked loop (PLL) 134. PU. 134 pro- 
40 vides a clock frequency Folk to filters 130 and 

order to lock their cutoff frequences totha of the 
spinner frequency. Fclk is typically a fixed multiple o 
Fs and filters 130 and 132 typically divide their cutoff 
frequency input signal Fclk by the same fixed mulu- 
« pie; therefore, their cutoff frequencies are Fs. 

Filters 130 and 132 are typically switched capac- 
itor filters, such as the MF5 and MF10 filters manu- 
factured by National Semiconductor of the USA. 
As mentioned hereinabove, the output of filter 
so 132 is shown in Fig. 6F. 

The wobble estimator 86 additionally includes a 
sectioner 135 for selecting the ith section of the est. 
mated wobble signal of Fig. 6F (step 108 of Fig. 5) and 
a level shifter for shifting the beginning of the ith sec- 
ss tion to the horizontal axis (step 110 of Fig. 5 where 
the beginning is defined as the moment that the pre- 
position value Gi.k is determined. 

Reference is now briefly made to Figs. 7D and 7E 
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which respectively illustrate « 
section* 135 and the signals labeled ,n Fj> 7D as 
137. 139, 141 and 143.Thecircu.tand s gnal are , be- 
,ieved to be self-explanatory and therefore .n the «v 
terest of conciseness, will not be descnbed hereu^ 
It will be appreciated that the wobble (an a so be 

measured for a system having a sp.nner of ^between 
one and f ive facets. In this system, a second spot de- 
tector 68 is placed at the end of a scan line, outs.de ^ 
of the scanning area 66. 

,n this alternative embodiment, the output of he 
second detector 68 is provided as input only to the 
wobble es timator86andnotto the pyram.dal error es- 

tima Fiq ^'illustrates an embodiment of the pyramidal is 
error estimator 88, for a non necessarily linear mis- 
alignment function, in this embod.ment. esUmator 88 
comprises a storage unit 140 for stormg a d.g.t.zed 
e^nofthemisalignmentfunctionandforrece^ng 
a Y location of the scan line 76 from a scann.ng clock * 
(not shown). Estimator 88 also comprises a mu .ply- 
Sigital-to-analog converter (DAC)142for mut.ply- 
ing he current pre- position value G'.k by the va ue o 
the misalignment function at the Y >ocat,on, thereby 
producing the estimated signal shown .n F.g 8E 

Reference is now made to Fig. 9 wh.ch .Hustrates 
an exemplary embodiment of smoother 91 for a p.e- 
reect^ac"uatortypeofbeam S hiner72.The S pe- 
cificdesignofsmoother91.however.dependsonhe 
characteristics (e.g. bandwidth and .mpedance) of 
the beam shifter 72. 

Smoother^ comprises a counter 150. a compar- 
ator 152 and a controller 154. Upon receiving a start 
signal from controller 154, counter 150 accepts the 
current pre-position value Gi.k and changes .t .n ac- 
cordance with control signals received from the com- 
parator 152. The comparator 152 compares the next 
pre- position value Gi + 1.k-8 to the output P of the 
counter 150 and. if the two values are not equal n- 
dicates to the counter 150 to change the value of P 
based on the result of the companson. 

Otherwise, it provides a clock enable signal to 
counter 150. indicating that the present value of P .s 
correctandistheva.ueofGi + 1.k + 1.Atthatpoin^on- 

troller 154 provides a stop signal to coun te. -150 

Counter 1 50 increases or decreases the value of 
P by one unit, where the unit is a multiple of the sp.n- 
ner frequency Fs. provided to the counter 150 v.a a 
dock encode, PLL or any other element synchron- 
ized with the rotation of the spinner 14. The value of 
P is continually changed until it reaches the des.red 

^'"Reference is now made to Fig. 10 which illus- 
trates an alternative embodiment of the present m- 
vention. If the facets of the spinner are not completely 
flat, they cause a further angular cross-scan error 
Therefore, the beam misalignment corrector in th.s 
embodiment additionally comprises a facet error cor- 



rector 160 whose output is directly provided to sum- 

Prior to operation of the scanner, the extent of 
"non-flatness" of each facet at each point along the 
5 scan line is measured and stored. Facet erroi Rec- 
tor 160 provides an appropriate correct.cn. as s 
known in the art. for the non-flatness of the , the cur- 
rent operative facet and the current po.nt along the 

(0 SCan |twm be appreciated by persons skilled in the art 
that the present invention is not lim.ted to what has 
been Particularly shown and described hereinabove 
Rather the scope of the present invent.on is def .ned 
only by the claims which follow: 



Claims 

1 A laser scanning device, the device comprising: 
a spinner for scanning a light beam hav.ng 
a light spot across a scanning line; 

one light spot misalignment detector locat- 
ed generally at a beginning of said scanned l.ne 
for measuring an initial misalignment of said light 
spot in a cross-scanning direction; and 

a beammisalignmentcorrectorwh.ch. dur- 
ing scanning along said scanning line, dynam.cal- 
, y corrects scanning misalignment of sa.d hght 
beam in accordance with at least said .mt.al m.s- 
alignment 

2 Alaser scanning device according to claim 1 and 
' wherein said beam misalignment corrector com- 

PnS6S a pre-positioner which determines a pre- 
position signal which offsets said initial misalign- 

ment ' estimation means for producing, from at 
least said pre-position signal, an estimated scan- 
:0 ning misalignment; and 

a beam shifter responsive to said est.mat- 
ed scanning misalignment for shifting sa.d light 
beam thereby to correct said scanning rn.sal.gn- 
ment. 

" 3 Alaser scanning device according to claim 2 and 
wherein said estimation means compnses: 

a pyramidal error estimator for estimating 
a first portion of said scanning misalignment due 
50 to pyramidal error and to an extent of wobble 
present at the beginning of said scann.ng l.ne. 

a wobble estimator for estimating a sec- 
ond portion of said scanning misalignment 
caused by said wobble; and 

a summerfor summing outputs of said pyr- 
amidal error estimator, said wobble estimator and 

said pre-positioner. 



A laser scanning device according to da m . 1 
wherein said spinner comprises a plurality of fac- 
ets and wherein said beam misalignment correc- 
tor additionally includes means for correcting in 
accordance with the current operative facet 5 

A laser scanning device according to claim 4 and 
wherein said beam misalignment corrector addi- 
tionally comprises a smoother for moving said 
light beam from a f inal location of a current scan i 
line scanned with a current facet of said sp.nner 
to a first estimated location of a next scan line, 
wherein said first estimated location is the value 
of the pre-position signal measured when the 
next facet was last utilized. 

j a laser scanning device according to daim 2 and 
wherein said pre- positioner comprises a closed 
loop control system controlling said beam shifter 
and operative to generally cancel said initial mis- 
alignment. 

7 A laser scanning device according to claim 3 and 
wherein said wobble estimator compnses: 

a frequency detector which detects a spin- 
ning frequency of said spinner, 

a phase locked loop which produces a 
clock signal which is proportional to said spinning 
frequency; and 

filters whose cutoff frequencies are adap- 
tively defined by said clock signal for filtering a 
plurality of pre-position signals thereby to pro- 
duce said second portion of said scanning mis- 
alignment. 



reflecting a light beam having a light spot 
across a scanning line; 

measuring an initial misalignment of said 
light spot in a cross-scanning direction; and 

during scanning, dynamically correcting 
scanning misalignment of said light beam in ac- 
cordance with at least said initial misalignment 

11. Amethod according to daim 10 and wherein said 
step of dynamically correding compnses the 
steps of: , ... 

determining a pre-position s.gnal which 
offsets said initial misalignment 

producing, from at least said pre-posit.on 
signal, an estimated scanning misalignment and 
shifting said light beam in response to said 
estimated scanning misalignment thereby to cor- 
rect said scanning misalignment. 

1 2. A method according to claim 1 0 and wherein said 
step of producing comprises the steps of: 

estimating a first portion of said scanning 
misalignment due to pyramidal error and to an ex- 
tent of wobble present at the beginning of sa.d 
; scanning line; 

estimating a second portion of sa.d scan- 
ning misalignment caused by said wobble; and 

summing said first and second portions 
with said pre-position signal. 

° 13. Amethod according to daim 12 and wherein said 
step of producing additionally comprises the step 
of correcting forthe non-flatness of facets of said 
spinner and wherein said step of summing addi- 

)5 tionally sums the output of said step of correcting. 



8 A laser scanning device according to daim 3 and 
wherein said estimation means additionally com- 
prises a facet error corrector for correcting for the 
non-flatness of facets of said spinner and where- 

in said summer additionally sums the output of <o 
said facet error corrector. 

9 Apparatus for filtering an output signal of a sys- 
tem in accordance with an operating frequency of 

said system, wherein the operating frequency « 
changes over time, the apparatus compnsing: 

a filter having at least one adaptively de- 
finable parameter for filtering said output signal; 

a detector for producing a measurement 
signal indicative of said operating frequency; and 50 

a phase locked loop for producing a dock 
signal proportional to said measurement signal 
and for providing said dock signal to said filter 
thereby to def ine said at least one adaptively de- 
finable parameter. 

10. A method of laser scanning, the method compris- 
ing the steps of: 



14 Amethod according to claim 12 wherein said step 
of reflecting is performed with a spinner and 
wherein said second step of estimating compns- 
es the steps of: 

detecting a spinning frequency of said 
spinner, 

producing, via a phase locked loop, a dock 
signal which is proportional to said spinning fre- 
quency; and 

f iltering a plurality of pre-position signals 
with filters whose cutoff frequencies are adap- 
tively defined by said dock signal. 

1 5 A method for filtering an output signal of a system 
" m accordance with an operating frequency of 
said system, wherein the operating frequency 
changes over time, the method comprising the 
steps of: , . ,. 

producing a measurement signal indica- 
tive of said operating frequency; and 

producing a clock signal proportional to 
said measurement signal; 



filtering said output signal with a filter hav- 
ing at least one adaptively definable parameter 
provided by said clock signal. 
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FIG. 2A 
PRIOR ART 




FIG. 2B 
PRIOR ART 




FIG. 2C 
PRIOR ART 
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